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(54) DEFECT JUDGING METHOD 

(57)Abstract 

PURPOSE: To provide a defect judging method which can surely discriminate 
a serious defect through image processing for defect inspection by 
fluorescency penetration. 

CONSTITUTION: An image processor performs differentiation processing 
over the entire surface of a work and scans it horizontally and vertically to 
find points representing the work outline in both the directions. On the basis 
of those points, an image is divided into an outline area and an internal 
surface area surrounded by the outline area, and an outline scan is made 
again by the outline areas to find an outline approximation expression. The 
work outline is erased by using this outline approximation expression to leave 
only a defect image, and feature quantities are measured as to the defect 
image and contrasted with a previously found defect judging chart to 
discriminate a defect. 
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♦ NOTICES* 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the defective distinction approach which irradiates ultraviolet radiation on the front face of the work 
pj ece w hich fluorescence liquid was made to permeate, picturizes the fluorescence pattern on this front face of a 
work piece, changes into a picture signal, processes this picture signal with an image processing system, and 
distinguishes the defect on this front face of a work piece Differential processing is performed about all the fields 
in the image memory which memorizes a picture signal. The representation point on the work-piece border line 
beforehand set as the work-piece proper from the differential image after processing is searched for. What 
divides a work-piece front face into two or more inspection zones based on this profile representation point, and 
contains a border line in this inspection zone The defective distinction approach which carries out border-line 
elimination processing with the calculation setup mask image based on a profile image, and is characterized by 
finally distinguishing a defect in the light of the defective judging logic which measured characteristic quantity and 
was beforehand decided for said every field about a residual image. 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the defective distinction approach by the image 
processing in the visual inspection by the fluorescent penetrant testing method about the thing (henceforth work 
piece) visual-inspection approaches, such as a machine part. 
[0002] 

[Description of the Prior Art] A fluorescent penetrant testing method is in one of the approaches which detects 
the defect which exists on the surface of a work piece. By making fluorescence liquid permeate the defective part 
on the front face of a work piece, irradiating ultraviolet radiation and making it emit light to this, this pictures the 
fluorescence pattern from which an intensity level differs, and inspects the defect which exists in a work-piece 
front face based on this fluorescence pattern. And in such a fluorescent penetrant testing method, the method of 
inspecting the defect which exists in a work-piece front face by the image processing is proposed by picturizing 
this fluorescence pattern with image pick-up equipments, such as a television camera: The point of utilization of 
this approach has related to whether the image-processing approach that discernment from dust, dirt, and a 
blemish can be ensured is developed. 

[0003] The flaw-detection approach by the image processing is indicated by JP,6-1 60295,A (a well-known 
example is called below.). A blemish judges the configuration and directivity of an image to be examined as what 
carried out the long and slender configuration and is located in a line with one line, even if that blemish is divided 
into plurality, and this approach judges whether it is a blemish. Therefore, the image data of a work piece is simply 
binary — ization-processed with a certain threshold, it asks for the binary image group 1 1 shown in drawing 1 1 , 
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"X. 

the division field which divided the pixel which constitutes these binary image groups 1 1 for every 2 value image is 
made, and the data which calculate the configuration and directivity of a division field in quest of a second 
moment for every division field, and judge after that whether it is a blemish are created. If this second moment 
shows extent in which each pixel which constitutes a division field differs in coordinate shaft orientations at 
arbitration, it asks for the second moment of each direction of a division field and the minimum second moment in 
these second moments is made into a minor— axis second moment, when this minor—axis second moment is 
smaller than a predetermined value, the division field which has that minor—axis second moment means having a 
long and slender configuration in the direction of a right angle on the shaft of that minor— axis second moment. . 
Therefore, two division fields which asked for this minor— axis second moment, judged in which direction each 
division field would be extended for a long time, and have been extended in the same direction The shaft 
orientations of a minor— axis second moment unite two fields of the same direction from said each division field 
noting that one blemish may be constituted. In order to judge long [ how much ] this united field is extended in 
which direction, it asks for a fusion minor— axis second moment. About said fusion field where said fusion minor- 
axis second moment is smaller than a predetermined value The area of said fusion field, It judges whether it is a 
blemish in combination with the description value which shows the configuration which calculates and is acquired 
from said area and said fusion minor— axis second moment, and directivity. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there were three troubles which are described below in said 
well-known example. As the first trouble, it is the problem how to correspond to defective distinction of the 
profile near part of a work piece. Defective distinction of the profile near part of a work piece is not indicated at 
all for the defect which exists in the surface part into which this well-known example separated from the profile 
section of a work piece considerably. By the image group which carried out binaryHzed processing simply, a work- 
piece profile and an actual blemish cannot be distinguished, especially when the blemish of a profile near part is 
important, it is a problem: 

[0005] In order for the defect which exists besides the serious defect which should be made a defect depending 
on the location on the front face of a work piece and which does not cause inconvenience practically, the dirt 
which is not a defect to exist in a work piece front face as the second trouble and to show each fluorescence 
pattern, only just the configuration and directivity of an image that are the description of a well-known example 
are inadequate for distinguish a blemish. 

[0006] As the third trouble, it is the problem of a fall of the inspection precision by dispersion in the fluorescence 
pattern on the image of each part of a work-piece front face by lighting unevenness. Although uniform lighting is 
possible and the extract of a defective image is possible like a well-known example at simple binary-ized '> 
processing when the shape of work-piece surface type is flat, especially when the shape of surface type is 
. curving, .it is easy to generate lighting, unevenness, and the simple, binary-ized processing; of ;the; extract .ota- ^ .... 
defective image is inadequate. That this invention should solve the trouble of said conventional technique, the 
place made into the purpose cancels lighting unevenness from the fluorescence pattern on an image, and is to 
offer the image-processing approach which can distinguish certainly the major defect which exists in all the front 
faces containing the profile part of a work piece. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in this invention, ultraviolet 
radiation is irradiated on the front face of the work piece which fluorescence liquid was made to permeate. In the 
defective distinction approach which picturizes the fluorescence pattern on this front face of a work piece, 
changes into a picture signal, processes this picture signal with an image processing system, and distinguishes the 
defect on this front face of a work piece Differential processing is performed about all the fields in the image 
memory which memorizes a picture signal. The representation point on the work-piece border line beforehand set 
as the work-piece proper from the differential image after processing is searched for. What divides a work-piece 
front face into two or more inspection zones based on this profile representation point, and contains a border line 
in this inspection zone Border— line elimination processing was carried out with the calculation setup mask image 
based on a profile image, and it was characterized by finally distinguishing a defect in the light of the defective 
judging logic which measured characteristic quantity and was beforehand decided for said every field about a 
residual image. 
[0008] 

[Example] Hereafter, one example of this invention is explained based on a drawing. It was aimed at the ferrite 
magnet of the configuration which has four sides to which the specimen plane as shown in drawing 9 as a work 
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piece curved in this exampie. The point of the visual inspection of this work piece is distinguishing the crack 
which is a major defect, and the defect which does not cause inconvenience practically although it is. a defect, 
and rejecting certainly the crack which is a major defect. The example of the defect (henceforth a false defect) 
which does not interfere practically was indicated to be the crack which is a major defect to drawing 10 . Among 
false defects, KAKE and un-processing it exist in the profile section of a work piece, and its area is comparatively 
large and it has directivity. Moreover, dust and a pit have the description that it is unrelated to the location of a 
work piece, and area is comparatively small and circularity is close to 1 , among false defects. 
[0009] Drawing 1 is the conceptual diagram of the image pick-up approach of this invention. Image pick-up 
equipment 4 and a black light 3 are formed above the specimen plane of the work piece 1 which fluorescence 
liquid was made to permeate, the background lighting system 2 which generates parallel light is formed in the 
direction of a rear face of a specimen plane, and the fluorescence pattern of this specimen plane and the profile 
of a work piece are picturized with each lighting system. The picturized picture signal distinguishes a defect with 
an image processing system (not shown). Hereafter, procedure is explained based on procedure [ of drawing 2 ] 
** to **. 

[0010] 1) It is the process which emphasizes a work-piece profile and a defective part from the picture signal 
carried out a procedure ** input. Drawing 3 is drawing explaining the emphasis approach of a dissolution and 
profile of certification unevenness, and a defect. Drawing 3 (a) shows the work piece with which Crack B exists in 
the work-piece profile section at Crack A and the work-piece inside section. Drawing 3 (b) shows the luminance 
distribution of the picture signal on the dashed line shown in drawing 3 (a). Drawing 3 (c) shows the luminance 
distribution after carrying out differential processing of the picture signal shown in drawing 3 (b). It is curving to 
the concave to image pick-up equipment, and lighting unevenness occurs as the result, and since brightness falls 
to the profile section along with ****** from the core of a work piece as shown in drawing 3 (b), the specimen 
plane of a work piece serves as convex as the whole luminance distribution, and serves as a profile and 
distribution on which the signal of a crack has ridden on it. Even if it carries out binaryHzed processing in this 
condition, it is difficult to extract a crack and a profile. Then, by performing differential processing, the lighting 
unevenness which is a slow change was removed, the crack and profile which are a steep change were 
emphasized, it changed into the high luminance distribution of a S/N ratio as shown in drawing 3 (c), and 
subsequent processing was made easy. Here, differential processing was performed using the Sobel operator. 
[001 1] 2) It is the judgment window calculation process of deciding the inspection zone of a procedure ** work 
piece. From the differential image which might be performed to the whole work-piece surface, the above- 
mentioned differential processing is explained based on drawing 4 about the extract of the profile representation 
point of a work piece, and the approach of creation of five inspection zones. First, scan a differential image in the 
direction of X over all image range, and as shown in drawing 4 (a), it asks for steep changing point x1s, x1e and 
x2s, x2e, x3s, x3e, and — for every scanning-line top of one.Jt asks.for the, distance Lx1 r .of;x1s. and. xte,. the . 
distance Lx2 of x2s and x2e, the distance Lx3 of x3s and x3e, and — , respectively. As similarly shown in drawing 
4 (b), a differential image is scanned in the direction of Y over all image range. It asks for steep changing point y 1 s« 
y1 e, y2s, y2e, y3s, y3e, and — for every scanning-line top of one, and asks for the distance Ly1 of y1 s and y 1 e, 
the distance Ly2 of y2s and y2e, the distance Ly3 of y3s and y3e, and — , respectively. 

[0012] Next, Lx1, Lx2, Lx3, and — are compared, the maximum distance of the direction of X is found, Ly1, Ly2, 
Ly3, and — are compared similarly, and the maximum distance of the direction of Y is found. x3e and y2e are the 
steep changing points by flaw indication here, and distance Lx3 and Ly2 shows a value smaller than the distance 
between work-piece profiles. Therefore, x3e and y2e are not adopted as a work-piece profile point. Four points 
used as maximum distance are made into the representation points xs, xe, ys, and ye of each profile as shown in 
drawing 4 (c). The windows W1 and W2 used as five inspection zones as shown in drawing 4 (d) from the 
coordinate of these four representation points and a predetermined offset value, W3, and W4 and W5 are 
determined. In addition, said offset value adopts the value beforehand defined on the basis of the resolution of a 
pixel, or the dimensional tolerance of a work piece. 

[0013] 3) It is a work-piece profile removal process for leaving only flaw indication to a procedure ** image 
memory. Drawing 5 (a) and drawing 5 (b) are drawings which explain an extract and elimination of the border line 
of a work piece in the judgment window determined previously. As shown in drawing 5 (a), [ in / of each / window 
W4 and W5 ], shifting one line at a time in the direction of an arrow head, it scans in the direction of X and a 
steep changing point is searched for, and this is extracted as profile location data. From the profile location data, 
straight-line approximation is carried out by the least-squares-approximation method, and straight-line type 
ax+by+c=0 is calculated and let this be a border line. As similarly shown in this drawing (b), [ in / of each / a 



window W2 and W3 ] t shifting one line at a time in the direction of an arrow head, it scans in the direction of Y and 
a steep changing point is searched for, and this is extracted as profile location data. Here f[ in the front face of a 
work piece, this part curves, since there is nothing at the equal distance, a profile serves as a curve from the lens 
of image pick-up equipment, quadratic curve approximation is carried out by the least-squares-approximation 
method, quadratic curve type y=ax2+bx+c is calculated, and it is considered that this approximate expression is 
the border line of a work piece. 

[0014] The overall length of the approximate expression searched for as mentioned above is covered, the mask 
image which added the offset value set up beforehand is created, this mask image js masked in piles at the 
above-mentioned differential image, and a profile is eliminated from this differential image: By this, within the 
window W2 of drawing 5 (a) and drawing 5 (b), and W5, only the image in which the flaw indication of the profile 
section shown in the hatching section is shown will remain. Therefore, the image which remained to all inspection 
fields serves as only indication of a defect and a false defect. 

[0015] 4) It is the process which computes the window for measuring the characteristic quantity of procedure ** 
flaw indication. Drawing 6 is drawing showing an example of the flaw indication in an image memory. It scans in the 
direction of an arrow head of a x axis, shifting the inside of an image memory of one line at a time in the direction 
of y, and the point changing [ steep ] is detected. The point changing [ steep ] is a part of profile of flaw 
indication, when it results in the pixel which makes this point changing [ steep ], if it carries out the sequential 
trace of the pixel which makes the point which adjoins every pixel unit of 3x3 focusing on this pixel changing 
[ steep ], can arrive at the first pixel , and can extract the profile data of this flaw indication. The profile data of all 
flaw indication can be extracted by performing this scan the whole region in an image memory. The opposite side 
coordinates Sn and En of the quadrilateral which includes these profile data for every flaw indication are searched 
for, and the window. Wn for measuring characteristic quantity is computed. 

[0016] 5) It is the process which measures the characteristic quantity of procedure ** flaw indication. About the 
characteristic quantity measurement window of all the flaw indication computed by the aforementioned approach, 
as characteristic quantity of flaw indication, it inclines, and asks for theta (inclination of a principal axis of 
moment), and area S, a center of gravity G, die-length L (the die length of a principal axis of moment), width of 
face W (the die length of an inertia countershaft), and the circularity that is the distance from the work-piece 
profile to this center of gravity G and the ratio of this die-length L and this width of face W further are measured. 
[0017] 6) They are a procedure ** defect and a false defective discernment process. The artificer etc. has 
grasped the fact that relation has the relation between a defect and a false defect about a source location and 
the geometrical description as shown in drawing 7 and drawing 8 , from the are recording data of the past of the 
visual-inspection result of the ferrite magnet which is the object item of this invention, and included in the 
defective judging algorithm of an image processing. Drawing 7 is what showed the relation between a false defect 
~ and-circularity (L/W) to many work pieces, and:. circularity shows- that. the false . defect is.distributed-near^lXpart 
which carried out hatching in drawing): That is, it decided for circularity to distinguish the neighboring flaw 
indication of 1 from a false defect, to except, and to identify only the other thing further: 

[0018] It is shown that correlation has the relation between area and an inclination about a crack, and drawing 8 
differs in the field. That is, drawing 8 (a) is a case in the field W1 (inside of a work piece) shown in drawing 4 (d), 
and it is shown except the thing also especially with small area and inclination that it should judge in case of a 
defect. Drawing 8 (b) is the case of the field W2 and W3 (profile near part of a work piece) which are shown in 
drawing 4 (6), and what should be judged by the size of area from an inclination is shown. As for drawing 8 (c), in 
the case of the fields W4 and W5 (profile near part of a work piece) shown in drawing 4 (d), most things which 
have a large inclination show that it is a false defect. 

[0019] 7) It is the yes-no decision process of a procedure ** work piece. It distinguishes whether flaw indication 
is a defect or it is a false defect based on processing of until said, and the visual-inspection result of this work 
piece is judged. 
[0020] 

[Effect of the Invention] This invention has the following effectiveness with the technical means explained above. 
The blindness in one eye of effectiveness is that distinction of the defect of a work-piece profile near part is 
possible. That is, by eliminating the profile image of a work piece, it became possible to carry out the discernment 
judging only of the actual defect. The second of effectiveness is that it is possible to identify a major defect and a 
false defect with high precision. That is, the algorithm was set up for every inspection zone and discernment of a 
defect peculiar to an inspection zone and a false defect was enabled. Correspondence could also do the work 



piece which lighting unevenness generates like the work piece of the curved configuration, and the third of 
effectiveness lost constraint of a work piece. • - < 

[Translation done.] 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The conceptual diagram showing the image pick-up approach of this invention 

[Drawing 2] Drawing showing the image-processing procedure of this invention ; 

fDrawing 3] Drawing explaining the dissolution of the lighting unevenness of this invention, and emphasis of a 

defect ' 

[Drawing 4] Drawing explaining the creation approach of the window of this invention 

[Drawing 5] Drawing explaining the extract approach of the work-piece border line of this invention 

[Drawing 6] Drawing explaining the characteristic quantity of this invention 

[Drawing 7] Drawing showing the relation between circularity and a false defect 

[Drawing 8] Drawing showing the configuration of a defective pattern and the relation of a source location about a 
crack 

[Drawing 9] The explanatory view of the configuration of **-ed material 

[Drawing 10] The explanatory view of the example of representation of a defect 

[Drawing 1 1] Drawing explaining the binary image of the blemish of the conventional technique 

[Description of Notations] 

1 Ferrite Magnet 2 Background Lighting 3 Ultraviolet Radiation Lighting 
4 Image Pick-up Equipment 5 Parallel Light 6 Ultraviolet Radiation 



[Translatioadone.] . 



